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1
IMAGE PROCESSING APPARATUS FOR
PERFORMING IMAGE PROCESSING FOR
RECORDING TEXT AND IMAGES, AND
IMAGE PROCESSING METHOD FOR
PERFORMING IMAGE PROCESSING FOR
RECORDING TEXT AND IMAGES

BACKGROUND

1. Field

The present subject matter is related to an image process-
ing apparatus configured to perform image processing for
recording text and images and an image processing method
thereof.

2. Description of Related Art

Recording text at high resolution is desirable for applica-
tions such as business documents, as text quality in recorded
images is of significant importance. However, when process-
ing high resolution color images, the amount of image data
transferred to a printer increases, which also causes the pro-
cessing load at the printer for storing and processing this data
to increase.

Sometimes, methods are used to transfer multi-value
image data from a printer driver to a printer, the printer then
generates record data by reducing the gradation level of the
multi-value image data, and then form images to a recording
media on the basis of the record data having a reduced gra-
dationlevel. This method has such advantages as being ableto
distribute the processing on the printer driver side over mul-
tiple printers.

PCT Japanese Patent Translation Publication No. 2003-
508827 discloses a method in which data corresponding to a
black text image unit and data corresponding to a color image
unit is divided from input image data, each type of data is
compressed and transferred to a printer, and then the printer
composites these two types of data.

However, new problems are created when multi-value
color image data and multi-value text data transferred to a
printer is quantized and then composited according to the
technique disclosed in PCT Japanese Translation Patent Pub-
lication No. 2003-508827. Specifically, ink dots regarding
boundaries of the color image and text overlap, which causes
aproblem of degrading text quality. This occurs in such cases
as when quantization processing is performed on each type of
data as a type of error diffusion processing resulting in quan-
tization errors propagating to peripheral pixels, or when the
resolution of transferred image data and text is different. This
is due to the generation of data representing ejections of ink
on pixels which originally had concentration values of zero
caused by propagation of quantization errors to peripheral
pixels or conversions of resolution. When recording images
on a printer on the basis of such text data and image data,
images with low text quality are recorded.

SUMMARY

An image processing method claimed performs image pro-
cessing to record images on a recording medium by generat-
ing N-value (N is an integer of 3 or more) text data and
M-value (M is an integer of 3 or more) image data on the basis
of input data, generating text record data of L values (L is an
integer of 2 or more that is less than N) representing the
ejection or absence of ejection of ink by quantizing the
N-value text data, and generating image record data of K
values (K is an integer of 2 or more that is less than M)
representing the ejection or absence of ejection of ink by
quantizing the M-value image data. The text record data and
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the image record data are generated so that the image record
data indicates no ejection of ink for pixels corresponding to
pixels for which the text record data indicates an ejection of
ink.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic diagrams of an inkjet
printer and recording head.

FIG. 2 is a block diagram illustrating a recording system.

FIG. 3 is a diagram describing a problem regarding a first
embodiment.

FIG. 4 is a flowchart for an image processing according to
the first embodiment.

FIG. 5 is a flowchart for an image processing according to
the first embodiment.

FIGS. 6A through 6C are diagrams illustrating page buff-
ers for input images.

FIG. 7 is a flowchart for an image processing according to
the first embodiment.

FIGS. 8A and 8B are diagrams illustrating a page buffer for
an image unit and a page buffer for a text unit.

FIGS. 9A through 9D are diagrams illustrating an ink color
page buffer for an image unit and an ink color page buffer for
a text unit.

FIG. 10 is a flowchart for an image processing according to
the first embodiment.

FIGS. 11A and 11B are diagrams illustrating overlap con-
trol of dots according to the first embodiment.

FIG. 12 is a diagram describing a problem regarding a
second embodiment.

FIGS. 13A and 13B are diagrams illustrating a dot arrange-
ment pattern.

FIG. 14 is a flowchart for an image processing according to
the second embodiment.

FIG. 15 is a diagram illustrating a page buffer representing
a low resolution processing according to the second embodi-
ment.

FIGS. 16 A and 16B are diagrams illustrating a page buffer
representing a low resolution processing according to the
second embodiment.

FIG. 17 is a flowchart for an image processing according to
a third embodiment.

FIG. 18 is a diagram describing an overlap control process-
ing according to the third embodiment.

FIG. 19 is a diagram illustrating a quantization pattern
according to the third embodiment.

FIGS. 20A and 20B are diagrams illustrating a quantiza-
tion pattern according to the third embodiment.

FIG. 21 is a flowchart for an image processing according to
a fourth embodiment.

FIG. 22 is a flowchart for an image processing according to
the fourth embodiment.

DETAILED DESCRIPTION

FIG. 1A is a diagram schematically illustrating an inkjet
printer 100, which is a recording apparatus according to the
present embodiment. The printer 100 according to the present
embodiment is a full line type of printer provisioned with
recording heads 101, 102, 103, and 104. The recording heads
101 through 104 eject ink in black (K), cyan (C), magenta
(M), and yellow (Y). Multiple nozzles for ejecting ink along
the X axis in the figure are arranged at intervals of 1200 dpi.
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These recording heads 101 through 104 are aligned together
along the Y axis in the figure, and impart ink of multiple
colors onto arecording medium 106 conveyed in the direction
of'theY axis in the figure to form a color image.

FIG. 1B isadiagram illustrating an arrangement of nozzles
regarding the nozzle surface of the recording head 101. As
illustrated in the figure, multiple nozzle substrates 1011,
1012, and 1013 are arranged along the X axis in the figure on
the recording head 101. Nozzles are arranged along the X axis
in the figure on each nozzle substrate, with nozzle rows
arranged in four rows along the Y axis.

Returning to FIG. 1A, the recording medium 106 is con-
veyed in the direction of the Y axis in the figure by rotating a
conveyor roller 105 (and other rollers not illustrated) with a
motor not illustrated. While the recording medium 106 is
conveyed, an operation is performed to eject ink droplets (ink
dots) from the nozzles provisioned in each recording head
101 through 104. An image for one page is recorded to the
recording medium 106 by controlling the conveying speed of
the conveyor roller 105 and the frequency for ejecting ink
droplets from the recording head.

A scanner 107 is arranged so as to be parallel to the record-
ing heads 101 through 104 at a position further downstream
than the recording heads 101 through 104 regarding the Y axis
in the figure. Reading elements are arranged at a predeter-
mined pitch on the scanner 107, which read the image
recorded by the recording heads 101 through 104, and output
multi-value RGB data.

FIG. 2 is a block diagram illustrating a recording system
according to the present embodiment. This recording system
is configured with the printer 100 illustrated in FIG. 1 and a
host PC 200 as the host apparatus for the printer 100. The host
PC 200 includes the following elements. A central processing
unit (CPU) 201 executes processing in accordance with a
program stored in a random access memory (RAM) 202 or a
hard disk drive (HDD) 203, which are storage units. The
RAM 202 is volatile storage and temporarily stores programs
and data. The HDD 203 is non-volatile storage and similarly
stores programs and data. A quantization mask described later
is also stored in the HDD 203. A data transfer interface (I/F)
204 controls sending and receiving of data regarding the
printer 100. The connection method for the sending and
receiving of this data can be universal serial bus (USB),
IEEE1394, local area network (LAN), or other. A keyboard
and mouse I/F 205 controls human interface devices (HIDs)
such as keyboards and mice. The user can input data via this
interface. A display I/F 206 controls the display on a display
(not illustrated).

Conversely, the printer 100 includes the following ele-
ments. A CPU 211 executes processing in accordance with a
program stored in a read only memory (ROM) 212 or a RAM
213. The RAM 212 is volatile storage and temporarily stores
programs and data. The ROM 213 is non-volatile storage and
stores programs and table data used for processing described
later. A data transfer I/F 214 controls sending and receiving of
data between the host PC 200. A head controller 215 supplied
record data to the recording heads 101 through 104 and also
controls the ejection operation of the recording heads. Spe-
cifically, the head controller 215 reads control parameters and
record data from a predetermined address in the RAM 212.
After the CPU 211 writes the control parameters and record
data to the aforementioned predetermined address in the
RAM 212, processing is started by the head controller 215 to
eject ink droplets from the record heads.

An image processing accelerator 216 is hardware that can
execute image processing faster than the CPU 211. Specifi-
cally, the image processing accelerator 216 is configured to
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read parameters and data necessary for image processing
from a predetermined address in the RAM 212. After the CPU
211 writes the control parameters and record data to the
aforementioned predetermined address in the RAM 212, the
image processing accelerator 216 is started to perform a pre-
determined image processing on the aforementioned data.
According to the present embodiment, image processing for
recording including processing by a quantization processing
unit is hardware-processed by the image processing accelera-
tor 216. The image processing accelerator 216 is not a
required element, and as such, the processing to create the
aforementioned table parameters and image processing can
be executed by only the CPU 211 depending on the specifi-
cations of the printer.

First Embodiment

The degradation of text quality, which is the problem
according to the present embodiment, will be described with
reference to FIG. 3. FIG. 3 illustrates an example of recording
dots of cyan (C) ink from an image unit overlapping with
recording dots of black (K) from a text unit.

A data 2123C is 8-bit data representing 256 levels of gra-
dation corresponding to the C ink portion of the image data
exhibited by the image unit. The values represent the concen-
tration value (gradation value) of C ink for each pixel. A data
2124C is 1-bit two-value data representing two levels of
gradation as the result of quantizing the data 2123C with error
diffusion processing. A value of one represents the ejection of
C ink for that pixel, and a value of zero represents no ejection
of C ink for that pixel. Conversely, a data 2123K2 is 8-bit data
representing 256 levels of gradation corresponding to the K
ink portion of text data exhibited by the black image unit. The
values represent the concentration value of K ink for each
pixel. A data 2124K2 is 1-bit data representing two levels of
gradation as the result of quantizing the data 2123K2. A value
of one represents the ejection of K ink for that pixel, and a
value of zero represents no ejection of K ink for that pixel.

Reference numeral 1401 is a diagram illustrating C ink
dots 1402 ejected onto the recording medium 106 on the basis
of the two-bit data 2124C for C ink and K ink dots 1403
ejected on the basis of the two-bit data 2124K2 for K2 ink. As
can be seen from the figure, there are pixels in which the C ink
dots and the K ink dots overlap. Referencing the data 2123C
and the data 2123K2 again, it is obvious that of the four pixels
vertically and four pixels horizontally, the column on the left
side of the figure (four pixels vertically and two pixels hori-
zontally) is the image portion, and the column on the right
(four pixels vertically and two pixels horizontally) is the text
portion. However, regarding reference numeral 1401, over-
lapping of dots is occurring. This is due to the quantizing the
multi-value data of the image portion by error diffusion pro-
cessing, which propagates errors to peripheral pixels, which
causes the generation of data recording C dots in the text
portion.

In this way, if dots derived from multi-value image data
overlaps with text data dots, the sharpness of the edges of text
degrades, resulting in the degradation of text quality such as
bleeding and beading.

In addition, if the ink recording the image portion and the
ink recording the text portion is permeating ink that can
readily permeate the recording medium, image defects due to
roller transfer can occur. If dots of permeating ink overlaps on
the recording medium, the distance for dots that overlap later
to diffuse from the surface to the interior lengthens, which
increases the time for full permeation. In this case, if dots that
have not fully permeated come into contact with the conveyor
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roller used to convey the recording medium, ink will be trans-
ferred to other coordinates on the recording medium via the
conveyor roller.

Ifthe ink for recording the image portion is permeating ink,
and the ink for recording the text portion is a type of ink that
does not readily permeate but stays on top of the recording
medium, image defects due to a decrease in the concentration
level of text can occur. If dots of ink that stay on top of the
recording medium and dots of permeating ink overlap on the
recording medium, the ink that stays on top of the recording
medium permeates farther into the interior of the recording
medium as compared to the case in which only the ink that
stays on top of the recording surface is used, which ultimately
results in a local decrease in the concentration level. This
phenomenon is referred to as white haze.

According to the present embodiment, image data dots are
not recorded on pixels recorded by text data dots in response
to the image defects due to the overlapping of text data dots
and image data dots on such a recording medium. The pro-
cessing according to the present embodiment will be
described in detail with reference to the flowcharts in FIGS. 4
through 6B.

FIG. 4 is a flowchart illustrating an image processing flow
executed by the inkjet print system according to the present
embodiment. The host PC and the inkjet printer are the host
PC 200 and the printer 100 illustrated in FIG. 2.

The host PC 200 performs processing of steps s2001
through 52006 described next. At step s2001, inputimage data
including text and images is input, and the input image data is
drawn (rendered) into a page buffer provisioned in the RAM
202 onthe basis of a page description language (PDL). At step
$2002, text data and image data is generated by dividing the
text portion and image portion from the drawn input image. At
step 52004, lossy compression is applied to the image data,
and at step 52005, lossless compression is applied to the text
data. At step 52006, the compressed image data and text data
is sent to the printer 100. There are no restrictions on the order
in which the branched processing at steps s2004 and s2005
are performed.

The printer 100 performs the processing for steps s1001
through s1010 described next. At step s1001, the compressed
image data and text data is received from the host PC 200. At
step 1002, the image data images with lossy compression are
rendered. At step s1003, the rendered image data is converted
to multi-value CMYK image data corresponding to the ink
colors CMYK. At step s1004, the multi-value CMYK image
data is quantized by error diffusion processing to generate
image record data representing which ink dots to eject and not
eject regarding the CMYK colors. At step 1005, the text data
with lossless compression is rendered. At step s1006, the
rendered text data is converted to multi-value CMYK text
data corresponding to the CMYK ink colors. At step s1007,
the CMYK text data is quantized to generate text record data
representing which ink dots to eject and not eject regarding
the CMYK colors. At step s1008, control is performed so that
the dots for the image record data and the dots for the text
record data for each CMYK color do not overlap. This control
method will be described in detail later. At step s1009, the
image record data and text record data is composited to gen-
erate the composite record data. At step s1010, the ejection of
ink from the recording heads is controlled on the basis of the
composite record data to record the image on the recording
medium. There are no restrictions on how the processing
between steps s1002 to s1004 and steps s1005 to s1007 is
performed. They can be processed in parallel after the branch-
ing from step s1001, or they can be processed in order with
one set of processing starting after the other set finishes.
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Next, the processing performed at each step will be
described in detail. FIG. 5 is an example of processing to draw
an input image including text and images on the basis of a
page description language (PDL) at step s2001. This descrip-
tion generally refers to the category of PDLs. The actual PDL
used can be any existing PDL such as the ones listed next.

PostScript, Portable Document Format (PDF) (product

name of Adobe Systems Incorporated)

XML Paper Specification (XPS) (product name of

Microsott Corp.)

At step 520011, data described by the PDL is received.
Next, at step 20012, the PDL is analyzed to create a drawing
sequence list of object draw instructions. At step 520013,
processing ends when there are no more object draw instruc-
tions in the list. When there still are object draw instructions,
processing proceeds to step s20014. At step s20014, the cur-
rent draw object is drawn into an input page buffer in the
RAM 202. In this case, the draw resolution is the resolution to
draw text at the ultimately desired quality. According to the
presently-discussed embodiment(s), the drawn image data is
8-bit data representing 256 RGB values. However, the present
subject matter is not limited to 8-bit data, and therefore, a
larger bit depth of 16 bits, for example, can be used to increase
the number of gradation levels.

At step 520015, a determination is made on whether or not
the current draw object has a text attribute. According to the
present embodiment, black text is determined as an object
with the text attribute. Specifically, an object is determined to
have the text attribute for pixels satisfying the following con-
ditions.

Determination condition 1: the draw object is not a bitmap
image

Determination condition 2: the RGB values for the draw
object are all zero

If the object does not have the text attribute, processing
proceeds to step s20016, and if the object does have the text
attribute, processing proceeds to step s20017. Generally, PDL
describes images such as photographs to be drawn as bitmaps,
and text objects are described in formats such as vector draw
instructions or text codes plus font information. Therefore,
attribute information (attribute data) for each pixel can be
obtained on the basis of data described by PDL with the
aforementioned method. At step s20016, the attribute value
for each pixel of the current draw is set to image, and then
processing proceeds to step 520013 to begin processing of the
next draw object. At step s20017, the attribute value for each
pixel of the current draw is set to text, and then processing
proceeds to step 20013 to begin processing of the next draw
object.

FIG. 6A is a diagram of an input image buffer 2021 set in
the RAM 202 of the host PC 200. The input image page buffer
2021 has a region of a predetermined number of vertical
image pixels and horizontal image pixels in which the first
pixel is a pixel 20211. Each pixel is configured from a red,
green, and blue (RGB) value and an attribute value A. RGB
values are data representing color coordinates (R, G, B) in a
color space such as sSRGB, which are representative colors for
a monitor. In this case, at the aforementioned step s20014,
color information sets the RGB values for each pixel, and at
step s20016 or 520017, the attribute value A region is set.

FIGS. 6B and 6C are examples of other input image buffer
pages. An input image page buffer 2022 and an attribute value
buffer 2022a have regions of a predetermined number of
vertical image pixels and horizontal image pixels in which the
first pixels are a pixel 20221 and a pixel 2022a1. Each pixel in
the input image page buffer 2022 is configured from RGB
values, and each pixel in the attribute value buffer 20224 is
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configured from the attribute value A. In this case, at the
aforementioned step s20014, color information is set for the
RGB regions of each pixel in the input image page buffer
2022, and at step 520016 or step s20017, the attribute value A
is set in the attribute value buffer. Various related implemen-
tations are possible such as having individual buffers for each
value (R, G, B, and A), and so any of these methods can be
used. Using the buffer configuration in FIG. 6A has the
advantage of reducing the size of the program, as control is
simplified due to only needing one path for address manage-
ment. When the number of bits representing the attribute
value is smaller than the number of bits for the RGB value in
the case of the buffer configuration in FIG. 6B, the size of the
attribute value buffer in FIG. 6C can be reduced, which
reduces the amount of memory used.

FIG. 7 illustrates a processing to divide the black text
portion and the image portion from input image data at step
$2002 to generate text data and image data. First, at step
$20021, the processing starting pixel and ending pixel in the
input image page buffer is set. At step 520022, a determina-
tion is made on whether or not the ending pixel has been
reached indicating that there are no more pixels to process. If
there are no more pixels to process, processing ends. If there
are more pixels to process, processing proceeds to step
$20023. At step 520023, a determination is made on whether
ornot the pixel being processed has the text attribute. If it does
not have the text attribute, that is to say, if it has the image
attribute, processing proceeds to step s20024. If it does have
the text attribute, processing proceeds to step s20025. At step
$20024, the image pixel value in the input image page buffer
is copied to the corresponding pixel in the image page buffer,
and then processing proceeds to step s20022 to perform the
processing on the next pixel. At step 520025, the text pixel
value in the input image page buffer is copied to the corre-
sponding pixel in the text page buffer, and processing pro-
ceeds to step 520022 to perform the processing on the next
pixel.

FIGS. 8A and 8B are diagrams illustrating an image page
buffer and text page buffer set in the RAM 202 of the host PC
200 regarding step s2002. An image page buffer 2023 and a
text page buffer 2023T have the same regions of horizontal
image pixels and vertical image pixels as the image page
buffer 2023, in which the first pixels are a pixel 20231 and a
pixel 2023T1. Each pixel in the image page buffer 2023 is
configured from RGB values, and each pixel in the text page
buffer 2023T is configured from a text information T. In this
case, at the aforementioned step s20024, color information
sets the RGB values of each pixel in the image page buffer
2023, and at step 520025, the text information T is set in the
text page buffer 2023T.

According to the present embodiment, the text information
T in the text page buffer 2023T can be represented by a
smaller number of bits than that for the RGB values. This is
because the text information T is set in the text page buffer
2023T after the RGB values for the pixel in the input image
page buffer have been determined to all be zero (R=G=B=0)
due to the determination condition 2 used for determining
whether or not an object is a text object at step s20015.
Therefore, this can expressed with either a zero or a one, and
so only needs to be 1-bit data.

Returning to FIG. 4, the processing to compress the data
and send it to the printer 100 and the processing performed at
the printer 100 will be described.

At step 52004, the image data generated at step 52002 is
compressed with lossy compression. According to the present
embodiment, the Joint Picture Expert Group (JPEG) format is
used, but any compression format can be used. The reason for
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selecting a lossy compression format is because loss of detail
is not as noticeable as compared with text. Furthermore,
compression processing is not required to implement the
present subject matter.

At step 52005, the text data generated at step s2002 is
compressed with lossless compression. According to the
present embodiment, the Run Length (RL) compression for-
mat is used, but any compression format can be used. The
reason for using a lossless compression format is because
there is a greater need to recreate detail for text than for
images. As with step 52004, the configuration does not have to
include the compression processing. According to the present
embodiment, black text is determined as a text object, and the
text information T for each pixel configuring the text page
buffer 2023T is 1-bit data, which makes the amount of data at
least Y24 as that for the RGB data. For this reason, depending
on the balance between printer speed and transfer speed, it
may not be necessary to perform compression.

At step s2006, the compressed image data and text data is
sent to the printer 100. By using a lossless compression for-
mat for the image portion and a lossy compression format for
the black text portion, it may also be possible to maintain the
black text quality while reducing the amount of data trans-
ferred. In this way, images and text are separate types of data,
which enables a configuration applying the preferable com-
pression format to each type of data.

At step s1001, the compressed image data and text data is
received from the host PC 200. The received image data is
rendered at step s1002, and the compressed text data is ren-
dered at step s1005. If compression processing is not per-
formed at the host PC 200, step s1002 is skipped for image
data, and processing proceeds to step s1003. Step s1005 is
skipped for text data, and processing proceeds to step s1006.

At step 51002, the image data with lossy compression is
rendered. In this case, the rendering method corresponds to
the lossy compression format used at step s2004 performed
by the host PC 200. According to the present embodiment, the
data compressed in the JPEG format is decoded. The decoded
data is stored in the image buffer (not illustrated) in the RAM
212 in the printer 100 in the same format as that for the image
buffer 2022 illustrated in FIG. 6B.

At step 51003, the image data rendered at step s1002 is
converted into multi-value CMYK image data corresponding
to the ink colors of the printer 100 (ink color analysis pro-
cessing). Pixel values in the image data (RGB) values are data
representing color coordinates (R, G, B) ina color space such
as sRGB, which are representative colors for a monitor. This
data is converted into the multi-value concentration level data
corresponding to the ink colors of the printer (CMYK) by
using a well-known method such as matrix calculation pro-
cessing or three-dimensional look-up table (LUT). The
printer 100 according to the present embodiment uses ink in
colors of cyan (C), magenta (M), yellow (Y), and black (K),
and so the RGB signal image data is converted into image data
in which each color C, M, Y, and K has an 8-bit color signals
with 256 values. To increase the color reproduction range and
create a higher quality color image, values are typically set so
that the dots record to the maximum amount that can be
accepted by the recording medium. This can be optimized to
reduce the amount from this maximum while still preventing
any occurrence of image defects. The example given for the
ink included the four colors CM YK, but the number of colors
may be increased to improve image quality such as ink with
lighter concentration levels including light cyan (Lc), light
magenta (Lm), and gray (Gy), or particular color ink such as
red (R), green (G), and blue (B).
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FIG. 9A illustrates a CMYK ink color concentration level
buffer for image portions and F1G. 9C illustrates a K ink color
buffer for text portions set in the RAM 212 in the printer 100.
The CMYK ink color concentration level buffer for image
portions is configured with a C ink color concentration level
buffer 2121C, an M ink color concentration level buffer
2121M, aY ink color concentration level buffer 2121Y, and a
K ink color concentration level buffer 2121K. The first pixel
in the C ink color concentration level buffer 2121C is setto a
pixel 2121C1, and each pixel is set with a concentration level
value for C ink. This applies in the same way for the M ink, Y
ink, and K ink. These four ink color concentration level buff-
ers all have the same regions of vertical image pixels and
horizontal image pixels as the image page bufter 2023. Each
pixel is represented by 8-bit multi-value information with 256
values. Pixels have a one-to-one correspondence, and so the
RGB data for the first pixel 20231 of the image page buffer
2023 in FIG. 8A is converted into CMYK ink color data at
step s1003, and the converted results are stored as pixels
2121C1,2121M1,2121Y1, and 2121K11 as in FIG. 9A. This
applies in the same way for the other pixels.

At step 51004, the CMYK image data corresponding to the
image portion is quantized. As a result, the gradation is
reduced to generate two-value CMYK image record data.
According to the present embodiment, quantization is per-
formed by error diffusion processing.

FIG. 9B illustrates a CYMK ink data buffer for image
portions and FIG. 9D illustrates a K ink data buffer for text
portions set in the RAM 212 in the printer 100. The CMYK
ink data buffer for image portions is configured with a C ink
data buffer 2122C, an M ink data buffer 2122M, aY ink data
buffer 2122Y, and a K ink data buffer 2122K. The first pixel in
the C ink data buffer 2122C is set to a pixel 2122C1, and each
pixel is set with information representing to eject or not eject
C ink. This applies in the same way for the M ink, Y ink, and
K ink. These four ink data buffers all have the same regions of
vertical image pixels and horizontal image pixels as the
binary image page buffer 2021. Each pixel in these ink data
buffers corresponds to each nozzle on the recording head.

At step 51005, the text data compressed with lossless com-
pression is rendered to generate text data. In this case, the
rendering method corresponds to the lossless compression
format used at step s2005 performed by the host PC 200.
According to the present embodiment, data compressed in the
RL format is decoded. The decoded data is stored in the text
page buffer (not illustrated) in the RAM 212 in the printer
100.

At step 51006, the text data is converted to K multi-value
text data. According to the present embodiment, the text data
represents R=G=B=0 for the color space coordinates such as
for sSRGB, which are representative colors for a monitor. This
data is converted into the K ink color concentration level data
of the printer (K) by using a well-known method such as
matrix calculation processing or one-dimensional LUT. To
increase the black text concentration level, values are typi-
cally set so that the dots record to the maximum amount that
can be accepted by the recording medium. This can be opti-
mized to reduce the amount from this maximum while still
preventing any occurrence of image defects. The example
given for the ink included the one color K, but the number of
colors may be increased to improve image quality such as ink
with lighter concentration levels such as gray (Gy).

A K ink color buffer 2121K2 for text portions in FIG. 9C
has the same regions of vertical image pixels and horizontal
image pixels as the input image page buffer, and the first pixel
is a pixel 2121K21. The text information T for the first pixel
2023T1 in the text page buffer 2023 T illustrated in FIG. 8B is
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converted into a multi-value K ink color data at step s1006,
and the converted result is stored in as the pixel 2121K21 as
in FIG. 9C. The text information T is either O or 255, and so
the post-conversion K ink color data is 8-bit multi-value data
with 256 values. In this way, a preferable amount of ink used
on the recording medium can be controlled by multi-value
controlling of the concentration level of the K ink for text
portions.

At step s1007, the K ink color data is quantized to generate
the K text record data. If text data is divided (generated) as
1-bit data with two values at step s2002, this is stored as 1-bit
data with two values is stored until step s1006, and so the
processing to lower the number of gradations to two is not
necessary, in which case step s1007 can be omitted. When
dividing objects with text attributes other than simple black
text (R=G=B=0) as a text portion, CMYK record data of at
least two bits representing a number of gradations of at least
three is generated at step s1006, and so quantization will be
necessary here, which will be described in detail later. In this
case, overlapping of the recording dots will occur as quanti-
zation using error diffusion processing is performed for either
or both the image portion during step s1004 and the text
portion at step s1007. Typically, error diffusion processing
produces a higher quality image recording than dithering.

Next, at step s1008, the CMYK record data for the image
portion is controlled on the basis of the CMYK record data for
the image portion and the K record data for the text portion so
that recording dots do not overlap.

FIG. 10 is a flowchart illustrating processing to mutually
reference the record data for the image portion and the record
data for the text portion and effect control so that recording
dots do not overlap, in step s1008. At step s1701, a determi-
nation is made on whether or not the determination for the
presence of recording dot overlap made for all pixels regard-
ing the CMYK record data for the image portion and the K
record data for the text portion has ended. At step s1702, a
determination is made on whether or not the recording dot has
overlap of the image portion and the text portion. FIG. 11A
illustrates a recording dot pattern of K ink pixels for the text
portion in a 2x2 configuration and a recording dot pattern of
CYMK ink pixels for the image portion in a 2x2 configura-
tion. The black pixels represent recording dots that are on
(ejecting), and the white pixels represent recording dots that
are off (not ejecting). When determining the upper-left pixel
from the pixels in the 2x2 configuration, this pixel is on for the
text portion and for all colors (CMYK) for the image portion,
and so the recording dot is determined as having overlap.

At step 51703, the recording dot for the image portion is
turned off for pixels in which the recording dot is determined
as having overlap. For the case of the upper-left pixel in the
2x2 configuration, the recording dot is turned off for all color
(CMYK) for the image portion. If the steps s1702 and s1703
are repeated, the processing result resembles that in FIG. 115
regarding the pixels in the 2x2 configuration, which elimi-
nates the recording dot overlap at the image portion and text
portion.

Returning to FIG. 4, at step s1009, the image record data
for which the overlap was controlled at step s1008 is com-
posited with the text record data to generate the composite
record data. Specifically, the CMYK composite record data
can be generated by calculating a logical OR operation on
data corresponding to the same pixel regarding all the CMYK
ink data regarding the image record data and the text record
data. According to the present embodiment, the text record
data is only K data corresponding to black ink, and so the OR
operation is performed on the K data for the text record data
and the K data for the image record.
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At step s1010, drive control of the recording heads 101
through 104 is performed on the basis of the CMYK compos-
ite record data to record the image to the recording medium.
According to the present embodiment, the CMYK composite
record data is two-value data representing to eject or not eject
ink dots.

In this way, according to the present embodiment, degra-
dation of text quality is prevented by controlling the recording
dots so as to not have overlap between the image portion and
the text portion. In addition, image defects caused by roller
transfer and white haze can be reduced.

According to the present embodiment, the example given
turns the recording dots off for all colors of the image portion,
but the recording dots for only a portion of the colors for the
image portion can be turned off as long as it is still possible to
reduce image defects. The example given turns off the record-
ing dots for the image portion, but the recording dots for the
text portion can be turned off as long as text quality can be
maintained and that only one or the other is turned on.

The example given determines whether an object has a
black text or image attribute, and then performs different data
processing for these two types of objects, but the applicable
scope of the present subject matter is not limited to the afore-
mentioned combination, and as such, other parameters and
determination conditions can be used. For example, by per-
forming data processing to divide data into single ink color
text and images, high quality images can be formed regarding
text formed from a single color ink. In this case, the following
determination conditions can be set.

Determination condition 1: the draw object is not a bitmap
image

Determination condition 2: One of the RGB values for the
draw object is 0, and the other two values are 255

In this case, as a prerequisite condition, images must be
recorded only in C ink when R=0, and G=B=255, only in M
ink when G=0, and R=B=255, or only in Y ink when B=0, and
R=G=255. In addition, instead of determining by the RGB
values, determinations can be made by the converted CMYK
values.

One of the conditions used in determining text is whether
or not an object is a bitmap, but the following determination
conditions can also be used.

Object is a text object

Object is a vector object

Object is a 1-bit bitmap with two values

The rendering intent in a PDF is colorimetric.

According to the present embodiment, text and images are
divided by determining the pixels exhibiting the text attribute
as black text with all RGB values of zero, but the present
subject matter can also be applied to text other than black text.
Next, a configuration to divide color text from data as the text
object will be described in detail with reference to the process
flow chart in FIG. 4. The portions of processing flow that are
the same as that regarding black text will be omitted.

First, the determination condition for step s20015 in FIG. 5
is set to the “Determination condition 1: the draw object is not
a bitmap image” as the determination condition when divid-
ing the text portion and image portion at step s2001 in FIG. 4.
That is to say, the “Determination condition 2: the RGB
values for the draw object are all zero” is not used as a
determination condition. Thus, pixels of text of colors other
than black are given the text attribute, which is set in the
attribute value buffer. Next, when dividing the text portion
and the image portion at step s2002, both the image buffer and
the text buffer will have a copy of the pixel value. According
to the method to determine the previously described black
text as text, pixels with all RGB values of zero are determined
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as text, which enabled the use of a 1-bit text buffer, but in this
case, color text is also determined as text, and so the RGB
values for each pixel is also copied as 8-bit data. When con-
verting the multi-value CMYK ink color data at step s1006,
CMYK data is generated for both types of objects. That is to
say, the text buffer in FIG. 9C stores 8-bit multi-value data
with 256 values in a C ink color buffer 2121C2, an M ink color
buffer 2121M2, and aY ink color buffer 2121Y2, all omitted
from illustration, in addition to the K ink color buffer
2121K2. Next, at step s1007, quantization processing is per-
formed on both sets of CMYK ink color data with 256 values
to generate CMYK record data for the image portion and
CMYK record data for the text portion by reducing the gra-
dation level. That s to say, ink data buffers for the text portion
are created for each CMYK value, which stores data repre-
senting to eject or not eject ink.

At step s1008, processing is performed on the CMYK
record data for the image portion and the CYMK record data
for the text portion so that recording dots do not overlap. In
this case, the dots for the image portion as controlled so as not
to overlap with the dots for the text portion. For example, if
there data stored representing the ejection of ink for even one
CYMK color regarding a pixel in the CMYK ink buffer for
the text portion, control is performed so that the pixel corre-
sponding to the CM YK record data for the image portion does
not become a pixel representing the ejection of ink. That is to
say, the data is changed to represent the absence of ejection of
ink (recording dot is off). An OR logical calculation for each
portion of the CMYK record data for the text portion is used
at the method, for example, to generate text ejection data
representing the pixels for the text portion to received ink
ejections. The recording dots can be turned off for each por-
tion of the CMYK record data for the image portion corre-
sponding to the pixels in the text ejection data for which the
recording dot is turned on. In consideration of the composite
processing performed later, the recording dots can be turned
off for pixels corresponding to other colors of the image
CMYK record data that correspond to pixels in the ink data
for which the recording dots are turned on regarding the text
CMYK record data. For example, if the recording dot is
turned on for a pixel in the C ink data for the text portion, the
processing turns off the recording dot for the M ink data, the
Y ink data, and the K ink data of the image portion. This
processing is applied in the same way for the M ink data, the
Y ink data, and the K ink data of the text portion. As a result,
for every pixel of which C ink is ejected on the basis of the text
data, the M ink, Y ink, and K ink based on the image data can
be controlled so as not to have ink ejected. As a result, the dots
based on the image portion corresponding to the text portion
can be controlled so as not to record, which enables degrada-
tions in text quality to be prevented.

Second Embodiment

According to the previously described first embodiment, a
method was described in which input PDL data is divided into
an image portion and a text portion, and CMYK record data is
controlled so that image portion recording dots do not overlap
with text portion recording dots.

Recently, improvements in the printing speed of printers
and increases in the resolution of input images has led to some
cases of the time to transfer the data and the time to process
the data at the printer to become longer than the time to print
the input image. According to the present embodiment, a
method will be described to reduce the amount of data trans-
ferred between the printer driver and the printer by reducing
the resolution of the image portion, and reduce the amount of
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processing performed by the printer after rendering the data.
Black text quality is the most critical factor for business and
similar documents, and so there is demand for image record-
ing at higher resolutions. Therefore, according to the present
embodiment, the amount data is reduced by lowering the
resolution of the image portion data transferred. According to
the present embodiment, when the resolution of the image
portion and the text portion differ, there are cases when the
recording dots for the text portion and the image portion
overlap whether the quantization method is error diffusion
processing or dithering.

FIG. 12 is a diagram describing the problem regarding the
present embodiment. This embodiment will describe an
example in which CMYK ink is used for the image portion,
and black text using K ink is extracted for the text portion, but
as previously described, text other than black text can be
extracted for the text portion.

FIG. 12 is a diagram illustrating a case when the recording
dots for the C ink of the image portion overlaps with the
recording dots for the K ink of the black text portion. The first
pixelin alow resolution C ink color concentration level buffer
2121C for a low resolution image portion is set to a pixel
2123C, and each pixel represents the C ink concentration
level value. The first pixel in the C ink data buffer 2122C for
the image portion is set to a pixel 2124C, and each pixel
represents the on state (1) or the off state (0) for the recording
dot. When quantizing the image portion into five levels of
pixels in a 2x2 configuration, and the ink color concentration
levelis 255, a quantization pattern as represented by reference
numeral 4 in FIG. 13A is selected. When the ink concentra-
tion level is 0, a quantization pattern as represented by refer-
ence numeral 0 in FIG. 13A is selected. The first pixel in the
K ink color concentration level buffer 2121K2 is set to a pixel
2123K2, and each pixel represents the K ink color concen-
tration level value. The first pixel in the K ink data buffer
2122K2 for the text portion is set to a pixel 2122C2, and each
pixel represents the on state (1) or the off state (0) for the
recording dot. When quantizing and the ink color concentra-
tion level is 255, a quantization pattern as represented by
reference numeral 1 in FIG. 13B is selected. When the ink
concentration level is 0, a quantization pattern as represented
by reference numeral 0 in FIG. 13B is selected. Returning to
FIG. 12, reference numeral 1401 is a diagram illustrating C
ink recording dots 1402 and K ink recording dots 1403
recording onto the recording medium 106, and C ink record-
ing dots and K ink recording dots overlap.

FIG. 14 is a flowchart illustrating an example configuration
of'the present embodiment. The difference with the flowchart
in FIG. 4 according to the first embodiment is the addition of
step s2003. First, the host PC 200 performs processing of
steps 52001 through s2006. The processing for steps other
than 52003, 52004, and s2006 are similar to the steps regard-
ing the first embodiment, and so their descriptions are omit-
ted.

At step 52003, processing is performed on the divided
multi-value image data to reduce the resolution and generate
the low resolution image data. At step 2004, the low resolu-
tion image data is compressed in a lossy compression format.
At step 52006, the compressed low resolution image data and
the text data compressed in a lossless format at step s2005 is
sent to the printer 100.

Next, the printer 100 performs the processing for steps
$1001 through s1010. The details of the processing different
from the first embodiment will be described next. At step
s1001, the compressed low resolution image data and text
data is received from the host PC 200. At step s1002, the low
resolution image data with lossy compression is rendered. At
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step s1003, the rendered multi-value low resolution image
data is converted to multi-value low resolution CMYK ink
color data. At step s1004, the multi-value low resolution
CYMK ink color data is quantized to reduce the gradation
level and generate two-value CMYK record data.

Next, the preferable processing for each step will be
described in detail. At step 2003, processing is performed on
the divided image data to reduce the resolution.

FIG. 15 illustrates a low resolution image page buffer set in
the RAM 202 of the host PC 200. A low resolution image page
buffer 2024 has the regions of horizontal image pixels and
vertical image pixels half the amount of those in the image
page buffer 2023, and the first pixel is a pixel 20241. RGB
values corresponding to each pixel in the low resolution
image page buffer 2024 are stored.

At the aforementioned step 52003, the image data in the
image page buffer 2023 is reduced, and the low resolution
image data is generated in the low resolution image page
buffer. The straight lines in the low resolution image page
buffer 2024 represent boundaries of reduced image pixels,
and the dotted lines represent boundaries of image pixels in
the corresponding image page buffer in FIG. 8A. According
to the present embodiment, the reduction ratio for both hori-
zontal and vertical pixels is 1/2, and each pixel in the 2x2
configuration in the image page buffer corresponds to one
pixel in the low resolution image page buffer.

As the specific reduction processing method, the average
value of the four pixels including the first pixel 20231, the
right pixel, lower pixel, and lower-right pixel in the image
page buffer in FIG. 8A is calculated, which becomes the pixel
value for the first pixel 20241 in the low resolution image
page buffer in FIG. 15. This same reduction processing is
applied all pixels in the low resolution image page buffer
using the pixels of the corresponding image page buffer. It is
preferable that the reduction ratio used during the reduction
processing be some integer fraction of one. This because
periodic noise such as moiré occurs if an integer fraction of
one is not used for the reduction processing. Further, an
integer multiple can be used for the enlargement processing
described later performed at step s1004 in the printer 100, so
processing is simple, and ultimately good image quality is
obtained. More preferably, if the reduction ratio is a fraction
of'some power of 2, division is not needed for the calculation
of'the average value, which enables the calculation by bit shift
processing to be performed quickly.

Returning to the flow, at step s2004, the low resolution
image data is compressed into a lossy compression format.
According to the present embodiment, the horizontal and
vertical image pixels are already reduced by 4, so this result
in an amount of data at least 4 of the original amount.
Therefore, there are cases in which no further compression is
needed depending on the balanced between printer speed and
the transfer speed. If the horizontal and vertical pixels are
reduced by 4, the amount of data is further reduced to %. If
reduced by %4, the amount of data is further reduced to 6. At
step 2006, the compressed image data and text data is sent to
the printer 100.

As previously described, by using the low resolution image
data and text data that is not reduced, the amount of transfer
data is significantly reduced while still maintaining black text
quality. By using a lossless compression format for the image
portion and a lossy compression format for the black text
portion, it may also be possible to maintain the black text
quality while reducing the amount of data transferred. In this
way, image portions and text portions are separate types of
data, which enables a configuration applying the preferable
compression format to each type of data.
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At step s1001, the compressed low resolution image data
and text data is received from the host PC 200. In this case, the
compressed low resolution image data is processed at step
s1002, and the compressed text data is processed at step
s1005. If compression processing is not performed at the host
PC 200, step s1002 is skipped for low resolution image data,
and processing proceeds to step s1003. Step s1005 is skipped
for text data, and processing proceeds to step s1006.

At step s1002, the low resolution image data with lossy
compression is rendered. In this case, the rendering method
corresponds to the lossy compression format used at step
$2004 performed by the host PC 200. According to the present
embodiment, the data compressed in the JPEG format is
decoded. The decoded data is stored in the low resolution
image page buffer (not illustrated) in the RAM 212 in the
printer 100 in the same format as that for the low resolution
image page buffer 2024 illustrated in FIG. 15.

At step 51003, the opened low resolution image data is
converted to low resolution CMYK ink color data.

FIG. 16A illustrates a low resolution CMYK ink color
concentration level buffer for image portions and FIG. 16B
illustrates a K ink color buffer for text portions setin the RAM
212 in the printer 100. The low resolution CMYK ink color
concentration level buffer for image portions is configured
with a low resolution C ink color concentration level buffer
2127C, an low resolution M ink color concentration level
buffer 2127M, a low resolution Y ink color concentration
level buffer 2127Y, and a low resolution K ink color concen-
tration level buffer 2127K. The first pixel in the low resolution
C ink color concentration level buffer 2127C is set to a pixel
2127C1, and the C ink color concentration level value is
stored for each pixel. This applies in the same way for the M
ink,Y ink, and K ink. These four ink color concentration level
buffers all have the same regions of vertical image pixels and
horizontal image pixels as the low resolution image page
buffer 2024. Each pixel is represented by 8-bit multi-value
information. Pixels have a one-to-one correspondence, and so
the RGB data for the first pixel 20241 of the image page buffer
2024 in FIG. 15 is converted into CMYK ink color data at step
s1004 and stored as pixels 2127C1, 2127M1, 2127Y1, and
2127K11 as in FIG. 16A.

At step 51004, the low resolution CMYK ink color data is
quantized to generate the CYMK record data. Any technique
such as error diffusion processing or dithering may be used as
the quantization method. The record data after quantization is
stored in the ink data buffers as in FIGS. 9A through 9D
similar to that regarding the first embodiment. The CMYK
ink data buffers for the image portion in FIGS. 9A and 9C all
have the same regions of vertical image pixels and horizontal
image pixels as the input image page buffer 2021. Compared
to the low resolution CMYK ink color data buffers, the num-
ber of horizontal and vertical pixels is doubled. This is
because the pixels in a 2x2 configuration are quantized by 5
levels during the quantization of each type of ink color data at
step s1004 according to the present embodiment. This mag-
nification is decided so as to correspond with the reduction
ratio used when performing the resolution reduction process-
ing at step s2003 at the host PC 200.

FIGS. 13A and 13B illustrate examples of quantization
according to the present embodiment. FIG. 13A illustrates a
quantization pattern of quantizing each type of ink color data
atstep s1004. According to the present embodiment, the same
quantization pattern is used for all ink colors, but image
quality can be improved by using a different quantization
pattern for each ink color of for each pixel position.

At step 51008, control is performed so that the recording
dots for the image record data do not overlap with the record
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data for the text portion. Similar to the first embodiment, the
record data for the text portion and the image portion can be
generated so that the record data for the image portion indi-
cates no ejection for pixels corresponding to pixels for which
the record data for the text portion indicates an ejection.

According to the present embodiment, the resolution
reduction ratio used at step s2003 at the host PC 200 is V2x'2,
the enlargement ratio used for the image portion at step s1004
at the printer 100 is 2x2, and the enlargement ratio used for
the text portion at step s1006 is 1x1. The relationship between
the multiple for the resolution reduction and the enlargement
ratio does not have to be inverse. For example, the resolution
reduction ratio can be Y2x'4, the enlargement ratio used for
the image portion at step s1004 at the printer 100 can be 4x4,
and the enlargement ratio used for the text portion at step
$1007 can be 2x2. That is to say, the reduction ratio used for
reducing the image portion and the text portion and the
enlargement ratio used for enlargement the image portion and
the text portion should have a reciprocal relationship.

As previously described and according to the present
embodiment, recording dot overlap is controlled on the basis
of the text data for the recording dots and the image data for
the recording dots, and the resolution between text and
images is different. According the previously described con-
figuration, the amount of data transferred is reduced and the
amount of processing performed at the printer is reduced
while simultaneously maintaining text recording quality. By
controlling the recording dots so that there is no overlap
between the image portion and the text portion, image defects
such as roller transfer and white haze can be reduced.

Third Embodiment

According to the present embodiment, a method will be
described in which control is performed so that there is no
overlap in recording dots by mutual reference of the record
data for the image portion and the record data for the text
portion.

FIG. 17 is a flowchart illustrating the configuration accord-
ing to the present embodiment. Step s1008 in FIG. 14 is
replaced by step s1011. At step s1011, recording overlap of
recording dots between the image portion and the text portion
is controlled. This configuration is the same as that regarding
the previously described embodiments excluding step s1011,
and so those portions are omitted from the description.

FIG. 18 is a diagram illustrating an example of the prefer-
able processing for step s1011. At step s1901, a determination
is made on whether or not quantization is finished for all
pixels regarding the CMYK ink color data for the image
portion and the K ink color data for the text portion. At step
$1902, the CMYK ink color data for the image portion for
pixels in a 1x1 configuration is quantized to 5 levels of quan-
tization. Hereafter, an example of the ink color data and the
quantization level will be described.

Ink color data: At least O and less than 32—quantization
level O

Ink color data: At least 32 and less than 96—quantization
level 1

Ink color data: At least 96 and less than 160—quantization
level 2

Ink color data: At least 160 and less than 224—=quantiza-
tion level 3

Ink color data: At least 224 and no more than 255—quan-
tization level 4

FIG. 19 illustrates an example quantization pattern corre-
sponding to quantization levels.
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Quantization level 0—Quantization pattern 0

Quantization level 1—Quantization pattern 10-13

Quantization level 2—Quantization pattern 20-25

Quantization level 3—Quantization pattern 30-33

Quantization level 4—Quantization pattern 40

At step 1903, the K ink color data for the text portion of
pixels in a 2x2 configuration is quantized to 2 levels of quan-
tization. According to the present embodiment, the reduction
ratio for horizontal and vertical pixels is 1/2 when reducing
the resolution of the image portion. For this reason, the pixel
size of the text portion corresponding to the image portion
pixels in a configuration of 1x1 is 2x2, which results in a total
of four pixels for the text portion that are quantized. If the
quantization level is zero, the recording dot is turned off, and
if the quantization level is 1, the recording dot is turned on.

At step 51904, the quantization pattern is selected in accor-
dance with the quantization level of the CMYK image por-
tion. When there are multiple quantization patterns such as
for quantization levels 1 through 3, a random number is
applied to select which quantization pattern to use. If only the
same quantization pattern is used, texture and other patterns
can be seen. Thus, it is preferable to apply a random number
so that the quantization pattern is selected randomly.

Hereinafter, the quantization levels for the CMYK image
portion during steps s1905 through s1908 are as follows. The
quantization level for C is 1, the quantization level for M is 2,
the quantization level forY is 3, and the quantization level for
K s 1. Regarding the quantization patterns illustrated in FIG.
19, the quantization pattern for C is 10, the quantization
pattern for M is 22, the quantization pattern for Y is 32, and
the quantization pattern for K is 11. FIG. 20 is a diagram
illustrating a recording dot pattern for black text portion K
pixels in a 2x2 configuration. The black pixels represent
recording dots that are on, and the white pixels represent
recording dots that are off.

At step 51905, the CMYK quantization pattern for the
image portion pixels in a 1x1 configuration and the recording
dot pattern for the text portion K pixels in a 2x2 configuration
are compared to determine whether or not there is overlap in
the recording dots. The quantization pattern for Cis 10, and so
this results in a determination that there is recording dot
overlap when compared with the recording dot pattern for the
text portion. The quantization pattern for M is 22, and the
quantization pattern for Y is 32, so this results in a determi-
nation that there is recording dot overlap when compared with
the recording dot pattern for the black text portion. The quan-
tization pattern for K is 11, and so this results in a determi-
nation that there is no recording dot overlap when compared
with the recording dot pattern for the text portion.

Atstep s1906, when there is recording dot overlap between
the image portion and the text portion, a quantization pattern
is selected in accordance with the CMYK quantization level
for the image portion so that there is no recording dot overlap.
The quantization level for C is 1, and so there is no recording
dot overlap with the text portion if the quantization pattern is
11 or 12. The quantization level for M is 2, and so there is no
recording dot overlap with the text portion if the quantization
pattern is 21. The quantization level for Y is 3, and so there is
recording dot overlap with the text portion regardless of the
quantization pattern selected.

At step 51907, processing is performed to lower the quan-
tization level of the CMYK image portion by one. As the
quantization level for Y is 3, which results in recording dot
overlap with the text portion regardless of the quantization
level selected, the quantization level is lowered by one to a
quantization level of 2. With a quantization level of 2, the
processing at step s1906 is performed again, and a quantiza-
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tion pattern that results in no recording dot overlap is
searched. This processing continues until a quantization pat-
tern is found that results in no recording dot overlap.

At step 51908, the quantization pattern with no recording
dot overlap is selected. As the quantization pattern for C is
selectable between 11 and 12, a random number is applied to
select with quantization pattern to use. As the quantization
pattern selectable for M is 21, the quantization pattern 21 is
used. Similarly, the quantization pattern selectable forY is 21,
and so the quantization pattern 21 is used.

Another method can be used in place of using a random
number to select the quantization pattern so long as image
degradation such as texture can be reduced.

According to the present embodiment, by referencing the
quantized text data when quantizing the image data in this
way, the image data is quantized so that there is no overlap
with pixels for which the recording dot is on in the text data.
As aresult, the amount of data transferred is reduced and the
amount of processing performed at the printer is reduced
while simultaneously maintaining text recording quality.
Additionally, the recording dots are not readily changed as
compared to the previously described embodiments, which
maintains the concentration levels of the image when input.

Fourth Embodiment

According to the present embodiment, a method will be
described to provide control such that there is no recording
dot overlap by mutual reference of the ink color concentration
levels of the CMYK ink color data for the image portion and
the ink color concentration levels of the K ink color data for
the text portion.

FIG. 21 is a flowchart illustrating the configuration accord-
ing to the present embodiment. Step s1010 in FIG. 14 is
replaced by step s1012. At step s1012, recording dots overlap
between the image portion and the text portion is controlled.
This configuration is the same as that regarding the previously
described embodiments excluding step s1012, and so those
portions are omitted from the description.

FIG. 22 is a diagram illustrating an example of the prefer-
able processing for step s1012. At step s2301, a determination
is made on whether or not processing to convert ink color data
for all pixels is finished regarding the image signal values for
the image portion and the text signal values for the text por-
tion. At step s2302, processing is performed to convert the
image signal values for the image portion pixels in a 1x1
configuration is converted into ink color concentration level
values. The ink color concentration level values are 8-bit
signal values, which represents a range of values 0 to 255. If
the ink color concentration level value is 0, the recording duty
is 0%. If the ink color concentration level value is 255, the
recording duty is 100%.

At step s2303, processing is performed to convert the text
signal values for the text portion pixels in a 2x2 configuration
is converted into ink color concentration level values. The ink
concentration level values are 8-bit signal values, which rep-
resents a range of values 0 to 255. An ink color concentration
level value of 0 represents that the recording dot is off. Anink
color concentration level value of 255 represents that the
recording dot is on.

Hereinafter, steps s2304 through 2305 will be described in
which the ink concentration level value for C is 64, the ink
color concentration level value for M is 150, the ink color
concentration level value for Y is 200, and the ink color
concentration level value for K is 64 regarding the CMYK ink
color data for the image portion. Regarding the quantization
level corresponding to the CMYK ink color concentration



US 9,317,788 B2

19

level values, the quantization level for C is 1, the quantization
level for M is 2, the quantization level for Y is 3, and the
quantization level for K is 1. The ink color concentration level
values illustrated in FIG. 20 represent ink color data for the
text portions K pixels in a 2x2 format. An ink color concen-
tration level value of 255 in FIG. 20 represents a quantization
level of 1. An ink color concentration level value of O repre-
sents a quantization level of 0.

At step 52304, the ink color data for image portion CMYK
pixels in a 1x1 configuration and the ink color data for text
portion pixels K in a 2x2 configuration are compared. If the
ink color concentration level value for the text portion is 255,
a determination is made on whether or not the ink color
concentration level value for the ink portion is 0. If the ink
color concentration level value for the image portion is not O
when the ink color concentration level value for the text
portion is 255, there is potential for recording dot overlap
between the image portion and the text portion. As the ink
color concentration level value for C is 64, and the quantiza-
tion level is 1, there is recording dot overlap if quantization
pattern 10 or 13 is selected from the quantization patterns 10
through 13 for a quantization level of 1 as illustrated in FIG.
19. Similarly, as the ink color concentration level value for M
is 150, and the quantization level is 2, there is recording dot
overlap if quantization pattern 20, 22, 23, 24, or 25 is selected
from the quantization patterns 20 through 25 for a quantiza-
tion level of 2 as illustrated in FIG. 19. Similarly, as the ink
color concentration level value for Y is 200, and the quanti-
zation level is 3, there is recording dot overlap if any of the
quantization patterns 30 through 33 is selected for a quanti-
zation level of 3 as illustrated in FIG. 19. Similarly, as the ink
color concentration level value for K is 64, and the quantiza-
tion level is 1, there is recording dot overlap if quantization
pattern 10 or 13 is selected from the quantization patterns 10
through 13 for a quantization level of 1 as illustrated in FIG.
19. In this way, a determination can be made on whether or not
there is potential for recording dot overlap between the image
portion and the text portion after the ink color data has been
converted. There is no recording dot overlap between the
image portion and the text portion when the ink color con-
centration level value for the image portion is 0. For this
reason, a determination is made on whether or not the ink
color concentration level value for the image portion is O.

At step 52305, the ink color concentration level value for
the image portion is set to 0.

If dithering is used for the quantization processing at steps
$1004 and 51007, recording dot overlap between the image
portion and text portion can be avoided. However, if error
diffusion processing is used for quantization processing,
there are cases in which recording dot overlap cannot be
avoided. With error diffusion processing, quantization errors
are propagated to peripheral pixels, and so there is a potential
that the recording dot is turned on for pixels with an ink color
concentration level value of 0 at step s1012. In regard to this,
according to the configuration of the present embodiment, the
potential for recording dot overlap can be reduced.

Other Embodiments

According to the previously described embodiments, black
text was determined when R=G=B=0, however, achromatic
text can be determined when R=G=B. In this case, the buffer
pixel values are 8=bit data. According to this method, high
resolution recording can be achieved for gray text while also
reducing degradations in text quality.

According to the previously embodiments, the example
given included quantizing 256-value (256 gradations) data
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into two-value (2 gradations), but these values are not limited
thusly. The number of gradations reduced by quantization is
not limited as long as the number of gradations is an integer.
Ink data can have bit depths other than 2, and so data can be
quantized into multi-value data representing 3 or more gra-
dations as long as the recording apparatus can eject ink on the
basis of multi-value data. In addition, it is not necessary to
include a step to divide the text data and the image data such
asin step s2002 if each type of data is obtained separately. The
number of gradations between the text data and image data
can be different.

According to the previously described embodiments, the
example given used a full-line type of recording apparatus,
but the recording apparatus to which the present subject mat-
ter can be applied is not limited thusly. For example, the
present subject matter is applicable to a so-called serial type
of recording apparatus that forms images by scanning the
recording head or scanner in a direction intersecting the trans-
port direction of the recording medium. Multiple colors ofink
droplets can be ejected from a single recording head, and a
nozzle arrangement corresponding to multiple colors of ink
droplets can be disposed on one ejection substrate. Nozzles
capable of ejecting ink droplets of multiple sizes can also be
used.

According to the previously described embodiments, the
examples given are provisioned with the four CMYK colors
of'ink in which the K ink is used for both text and images, but
separate ink may be used for the text and images. In this case,
composite processing of the image record data and the text
record data such as that at step s1009 in FIG. 4 is not neces-
sary. In addition, a permeating ink black ink K1 can be used
as the image ink, and a black ink K2 that stays on top of the
recording medium can be used as the text ink. To record even
sharper text, it is preferable if the black ink K2 that stays on
top of the recording medium has a lower penetrability to the
recording medium than the permeating type black ink K1. For
example, dye ink using dye as the coloring agent can be used
for the permeating type black ink K1, and pigment ink using
pigment as the coloring agent can be used as the black ink K2
that stays on top of the recording medium.

The configuration can record by using only black (K) ink
for text, and cyan (C), magenta (M), and yellow (Y) inks are
used for images. In this case, K data can be generated as the
text ink data, and CMY data can be generated as the image
data, which negates the necessity to composite the text record
data and image record data.

According to the previously embodiments, image record
data for the corresponding pixel was generated to represent a
non-ejection regarding all pixels of the text record data rep-
resenting ejections, but this is not necessary for all pixels. The
image record data for pixels representing ejections can be
changed to data for pixels representing non-ejections at a
predetermined ratio.

As previously described, by arranging image portion ink
dots to the text portion ink dots exclusively, degradations in
text quality due to overlaps between ink dots for the image
portion and ink dots for the text portion can be prevented.
These ink dot overlaps are particularly significant at the
boundaries of images and text. This also enables reduction of
the occurrence of image degradations due to ink bleeding as
ink tends to overflow due to ink dot overlaps, and image
defects due to contamination of ink in the printer due to ink
not fully transferring to the recording medium.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
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executes computer executable instructions recorded on a stor-
age medium (e.g., non-transitory computer-readable storage
medium) to perform the functions of one or more of the
above-described embodiment(s) of the present invention, and
by a method performed by the computer of the system or
apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more of
a central processing unit (CPU), micro processing unit
(MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed computing
systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-133531, filed Jun. 26, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image processing method to record images on a
recording medium using a recording head that ejects ink, the
image processing method comprising:

generating N-value (N is an integer of 3 or more) text data

and M-value (M is an integer of 3 or more) image data on
the basis of input data;

generating text record data of L values (L is an integer of 2

or more that is less than N) representing the ejection or
absence of ejection of ink by quantizing the N-value text
data; and

generating image record data of K values (K is an integer of

2 or more that is less than M) representing the ejection or
absence of ejection of ink by quantizing the M-value
image data;

wherein the text record data and the image record data are

generated so that the image record data indicates no
ejection of ink for pixels corresponding to pixels for
which the text record data indicates an ejection of ink.

2. The image processing method according to claim 1,

wherein error diffusion processing is used for at least one

of the quantization of the N-value text image data and
the quantization of the M-value image data.

3. The image processing method according to claim 1,

wherein the N-value text data and the M-value image data

have different resolutions, and the text record data and
the image record data have the same resolution.

4. The image processing method according to claim 1,

wherein the N-value text data has a higher resolution than

the M-value image data.

5. The image processing method according to claim 1,

wherein the text record data and the image record data are

generated so that the image record data indicates no
ejection for pixels corresponding to all pixels for which
the text record data indicates an ejection.

6. The image processing method according to claim 1,

wherein the ink corresponding to the text record data is

black ink.
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7. The image processing method according to claim 1,

wherein the ink corresponding to the image record data
comprises cyan ink, magenta ink, and yellow ink.

8. The image processing method according to claim 1,

wherein the recording head may eject a plurality of inks,
and the ink corresponding to the text record data is
different from the ink corresponding to the image record
data.

9. The image processing method according to claim 8,

wherein the ink corresponding to the text record data has a
lower penetrability than the ink corresponding to the
image record data.

10. The image processing method according to claim 1,

wherein the image record data is generated as data that
indicates the absence of ejection of cyan ink, magenta
ink, and yellow ink corresponding to pixels in the text
record data indicating the ejection of black ink when the
text record data is data representing the ejection of black
ink, and the image record data is data that represents the
gjection of black ink, cyan ink, magenta ink, and yellow
ink.

11. The image processing method according to claim 1,

wherein the input data includes attribute data representing
an attribute of each pixel, and the N-value text data is
generated by extracting pixels for which the attribute
data represents a text attribute.

12. The image processing method according to claim 11,

wherein the input data includes color data representing the
color of each pixel, and the N-value text data is gener-
ated by extracting pixels for which the attribute data
represents the text attribute and the color data represents
black.

13. The image processing method according to claim 12,

wherein the color data includes RGB values, and the pixels
for which the color data represents black have RGB
values of zero.

14. The image processing method according to claim 1,

wherein the variable L. and the variable K correspond to the
same number.

15. The image processing method according to claim 1,

wherein the variable L. and the variable K correspond to the
number 2.

16. The image processing method according to claim 1,

further comprising:

ejecting ink from the recording head on the basis of the text
record data and the image record data.

17. An image processing apparatus configured to perform
image processing to record images on a recording medium
using a recording head that ejects ink, the image processing
apparatus comprising:

a generating unit configured to generate N-value (N is an
integer of 3 or more) text data and M-value (M is an
integer of 3 or more) image data on the basis of input
data, generate text record data of L values (L. is an integer
of 2 or more that is less than N) representing the ejection
or absence of ejection of ink by quantizing the N-value
text data, and generate image record data of K values (K
is an integer of 2 or more that is less than M) representing
the ejection or absence of ejection of ink by quantizing
the M-value image data,

wherein the generating unit generates the text record data
and the image record data so that the image record data
indicates no ejection of ink for pixels corresponding to
pixels for which the text record data indicates an ejection
of ink.

18. A recording system including an image processing

apparatus and a recording apparatus,
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wherein the image processing apparatus includes

a first generating unit configured to generate N-value (N
is an integer of 3 or more) text data and M-value (M is
an integer of 3 or more) image data on the basis of
input data,

a compression unit configured to compress the N-value
text data and the M-value image data,

a transfer unit configured to transfer the compressed
N-value text data and the M-value image data,

wherein the recording apparatus includes

a receiving unit configured to receive the compressed
N-value text data and the M-value image data,

a rendering unit configured to render the compressed
N-value text data and the M-value image data,

a second generating unit configured to generate text
record data of L values (L is an integer of 2 or more
that is less than N) representing the ejection or
absence of ejection of ink by quantizing the N-value
text data, and generate image record data of K values
(K is an integer of 2 or more that is less than M)
representing the ejection or absence of ejection of ink
by quantizing the M-value image data, and

a recording unit configured to record images onto a
recording medium on the basis of the text record data
and the image record data,

and wherein the second generating unit generates the text
record data and the image record data so that the image
record data indicates no ejection for pixels correspond-
ing to pixels for which the text record data indicates an
ejection.
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19. An image processing method to perform image pro-

cessing to record images on a recording medium using a
recording head that ejects ink, the image processing method
comprising:

receiving two-value text data representing the ejection or
absence of ejection of ink and multi-value value image
data; and

generating two-value image data that represents the
absence of ejection of ink corresponding to pixels for
which the two-value text data represents the ejection of
ink on the basis of the two-value text data and the multi-
value image data.

20. The image processing method according to claim 19,

wherein the multi-value image data is converted to two-
value data by error diffusion processing, and the con-
verted two-value data is changed to represent the
absence of ejection of ink corresponding to pixels for
which the two-value text data represents the ejection of
ink during generating of two-value image data.

21. The image processing method according to claim 1,

further comprising:

judging whether or not there is an overlap in the recording
dots by text record data representing the ejection or
absence of ejection of ink generated by quantizing the
N-value text data and tentative image record data repre-
senting the ejection or absence of ejection of ink by
quantizing the M-value image data, and if it is judged
that there is an overlap in the recording dots by the text
record data and the tentative image record data, chang-
ing the tentative image record data such that there is no
overlap in the recording dots by the text record data and
the changed image record data.
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